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INTRODUCTION 

It is the purpose of this note to present a magnetospheric 

model wherein we locate the source of auroral particles, and en- 

visage the associated auroral domain to be the region that separates 

the magnetopause from the zone of stably-trapped Van Allen Radiation 

(Figure I), 
There has been considerable discussion about the source of 

the particles that bombard the atmosphere to cause auroras. It has 

been argued for some time that, if these particles ultimately had 

come from the sun, then the contrast between their interplanetary 

velocity of some LO km/sec (calculated from the one-day delay 

between a large solar flare and a great world-wide aurora) and their 

velocity required to penetrate the atmosphere to auroral altitudes 

of - 100 km (a velocity of - 10 km/sec) necessitates a ttlocal" or 

near-earth acceleration mechanism. 

3 

5 

With satellites exploring terrestrial surroundings and with 

the discovery of Van Allen radiation [Van Allen, 19611, the colli- 

sionless bow shock [~ess, et al., 19643, the magnetopause [Bridge, 

et ala, 1961; Cahill and Amazeen, 19631 and the extended magneto- 

spheric tail, [Ness, et al., 19641 (Figure I), one might imagine 
that the site and details of this local acceleration could be 

specified exactly, but this is not so. One of the specific prob- 

lems is that auroras occur in the day as well as the night [Davis 

and DeWitt, 1963; Johnson, et al,, 1966; O'Brien, 19641 . 
O'Brien, [1964] made simultaneous satellite-based measurements 

of Van Allen particles, of the particles that cause auroras, and of 
the auroral light that was emitted. From these measurements it 

was concluded that the night-time auroral zone is delineated by 

magnetic field lines that pass through the high-latitude boundary 

of trapping of Van Allen radiation, However, even if one observes 

.pakticles mirroring at 100-km altitude one has no assurance that 
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t h e y  a c t u a l l y  w i l l  bounce from hemisphere t o  hemisphere and d r i f t  

around the world i n  long i tude  and be durably  t rapped ,  i ,e .  be Van 

Al len  p a r t i c l e s ,  Accordingly, O'Brien [1964] w a s  unable t o  conclude 

exper imenta l ly  whether t h e  a u r o r a l  zone w a s  i n s i d e  o r  o u t s i d e  the 

boundary of t r app ing  or  s t r a d d l i n g  it. 

suggest  here (Figure  l), it i s  envisaged t h a t  t h e  a u r o r a l  zone i s  

However, i n  t h e  model w e  

j u s t  o u t s i d e  t h e  boundary o f  t r app ing  and cont iguous t o  it, 

The c o n f i g u r a t i o n  i s  sketched i n  F igure  1 and e n e r g e t i c  charged 

p a r t i c l e s  are deemed t o  occupy on ly  fou r  d i s t i n c t i v e  domains: 

A. The Van Allen (Trapped-radiat ion)  Zone, where e n e r g e t i c  

p a r t i c l e s  can bounce i n  l a t i t u d e  and d r i f t  i n  l ong i tude  com-  

p l e t e l y  around t h e  e a r t h  [Van Allen,  19631, and w h e r e  a l l  

processes are approximately adiabatic: 

B. The Auroral  Domain, i n  which w e  i nc lude  the reg ions  a t  

.low a l t i t u d e s  where e n e r g e t i c  charged p a r t i c l e s  bombard the 

atmosphere t o  cause  a u r o r a s  [O'Brien,  19641, and a l s o  t h e  

. r eg ions  a t  h igh  a l t i t u d e s  shown i n  F igure  1, t h u s  inco rpora t ing  

the "skirt" [Freeman, 1964; Frank, 19651 8 t h e  "cusptt  [Anderson, 

[1965a] 8 t h e l ' t h i r d  r a d i a t i o n  zone"[Gringauz, e t  a l . ,  19621 8 

the n e u t r a l  s h e e t  [Ness, e t  al . ,  19641, t h e  plasma s h e e t  [Bame ,  

e t  al.,  19661 , "is landS'  [Anderson, 1965a1 , and s p i k e s  [McDiarmid 

and Burrows, 19651, I n  t h i s  domain, t h e  g r a d i e n t  of B i s  s m a l l  

and the p a r t i c l e  f l u x e s  variable (cf ,  F igu re  2 )  , This  reg ion  

i s  c h a r a c t e r i z e d  by t h e  predominant occur rence  of non-adiabat ic  

4 

processes;  

C .  The  Magnetosheath, where solar-wind p a r t i c l . e s ,  having 

been thermal ized  a t  the c o l l i s i o n l e s s  shock f r o n t  [ N e s s ,  e t  a l . ,  

19641 stream around t h e  geomagnetic f i e l d ,  compressing and 

' d i s t o r t i n g  it as shown i n  F igure  1. 



-4- 

D. I n t e r p l a n e t a r y  Space, populated by  t h e  supersonic  solar 

wind [Parker ,  1958; Snyder and Neugebauer, 19641, 

I n  spec i fy ing  o n l y  four  domains, t h e r e  i s  no i n t e n t i o n  o f  

i n d i c a t i n g  t h a t  c h a r a c t e r i s t i c s  of t h e  e n e r g e t i c  p a r t i c l e s  may n o t  

be d i f f e r e n t  a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  domain. For example, 

of course ,  t h e  Van Al len  domain c o n t a i n s  p a r t i c l e s  w i t h  very  d i f -  

f e r e n t  f l u x e s  and s p e c t r a  a t  d i f f e r e n t  l o c a t i o n s ,  b u t  a l l  are 

c h a r a c t e r i z e d  by the f a c t  t h a t  the p a r t i c l e s  bounce i n  l a t i t u d e  and 

d r i f t  i n  l ong i tude  around the e a r t h .  S i m i l a r l y ,  i n  the a u r o r a l  

domain t h e r e  may be d i f f e r e n c e s  i n  d e t a i l ,  b u t  the reg ion  i s  char- 

a c t e r i z e d  by e l e c t r o n  and pro ton  s p e c t r a  such as are encountered 

i n  aurora, by a c t i v e  a c c e l e r a t i o n ,  by time-variable processes and 

by t h e  i n a b i l i t y  t o  d r i f t  around the world. 
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THE AURORAS, DOMAIN 

When t h e  noon magnetopause w a s  d i scovered  a t  a g e o c e n t r i c  

r a d i a l  d i s t a n c e  (R ) of -10 R (where R = 6370 k m ) ,  and when it 

w a s  found t o  co inc ide  wi th  a decrease  i n  t h e  f l u x  of e n e r g e t i c  

p a r t i c l e s  [Freeman, e t  a l . ,  19631, it w a s  g e n e r a l l y  assumed t h a t  

it w a s  the o u t e r  boundary o f  Van Allen r a d i a t i o n .  By c o n t r a s t ,  

0 E E 

i n  t h e  model of  F igu re  1, w e  locate t h i s  boundary a t  R - 8 RE 
0 

dur ing  magnet ica l ly  qu ie scen t  cond i t ions ,  and a t  p r o g r e s s i v e l y  

s m a l l e r  g e o c e n t r i c  d i s t a n c e s  dur ing  geomagnetic storms. 

W e  r ega rd  t h e  r eg ion  of  8 R s R S 10 R E 0 E on t h e  noon meridian 

as being  t h e  Auroral  domain rather than  t h e  Van Al len  zone because 

p a r t i c l e s  w i th  e i t h e r  l a r g e  o r  s m a l l  e q u a t o r i a l  pitch a n g l e s  (a ) 
i n  t h e  r eg ion  cannot d r i f t  completely around the world [Anderson, 

1965a1. F i r s t  it i s  seen (Figure 2) t h a t  i n  t h i s  reg ion  the g r a d i e n t  

of the geomagnetic f i e l d  becomes s m a l l  and it may even r e v e r s e  s i g n  

(see’ C a h i l l  and Amazeen, 1963) * Consequently the l o n g i t u d i n a l  d r i f t  

of particles w i t h  l a r g e  a 

w i l l  be n e g l i g i b l e  and perhaps reversible [Anderson, 1965a1. 

Second, t h e r e  w i l l  be an L-she l l  s p l i t t i n g  [McIlwain, 1966a1 so 

t h a t  p a r t i c l e s  w i t h  small  va lues  of a would t end  t o  d r i f t  i n t o  t h e  

magnetospheric t a i l  and be los t .  Consequently, even though par- 

t i c l e s  i n  t h i s  reg ion  may bounce i n  l a t i t u d e  and be quasi- t rapped,  

their  i n a b i l i t y  t o  d r i f t  i n  l ong i tude  completely around t h e  e a r t h  

makes them i n e l i g i b l e  t o  be Van Al len  p a r t i c l e s .  I n s t e a d ,  w e  label 

t h e m  a u r o r a l  p a r t i c l e s ,  w i t h  c h a r a c t e r i s t i c a l l y  s o f t  s p e c t r a  and 

0 

(i .e.  those  mi r ro r ing  a t  l o w  l a t i t u d e s )  
0 

0 

l a r g e  temporal v a r i a t i o n s  ( c f .  O’Brien, 1964; Frank, 1965; Freeman, 

1964). 

The i n n e r  boundary of th i s  a u r o r a l  domain w i l l  be fuzzy and 

w i l l  depend on energy, p i t c h  ang le  and longi tude .  Furthermore,  

dur ing  l a r g e  geomagnetic storms the e d g e ’ w i l l  move inwards. T h i s  . 

movement of the low-a l t i t ude  boundary of t h e  Van Allen zones and 

of t h e  night- t ime v i s i b l e  a u r o r a s  has been observed down t o  i n v a r i a n t  
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latitudes (A) of 45O and less. The geomagnetic field lines through 

this region are labelled with the McIlwain [1961] L-shell parameter 

of L - 2 so that they nominally extend out to a geocentric rddial 
By contrast, the magnetopause is not distance R of only -2R 

observed to move closer than -7R [Cahill and Amazeen, 19631. E 
Indeed, for it to be simply compressed in to 2 R would require a 

solar-wind pressure to be some fifteen thousand times the normal 

value. 

E* 0 

E 

At least one attempt has been made previously to resolve this 

discrepancy between the large movement of the low-altitude boundary 

of trapping and the comparatively small movement of the magneto- 
pause, Akasofu (19631 sought to explain the effect as due to 

enhancement of the perennially-elusive ring-current particles. 

However, this approach requires extraordinarily large ring currents 

to move the boundary down below 55 , and 45O would appear to 

require a new approach. 

0 

The occurrence of low-latitude auroras also poses a problem 

for the magnetospheric model presented by Dessler and Juday [19651, 
where auroral radiation was deemed to be energized on open field 

lines as they touch the magnetopause. Law-latitude auroras would 

then require that more field lines be blown open into the polar 

cap while the magnetopause is appropriately compressed. As dis-’ 

‘cussed above, such compression does not occur, and the ring-current 

dilation proposed by Akasofu [1963] does not appear to reconcile 

the model with the data. 

We resolve this problem here simply by postulating that the 

auroral-radiation zone expands in towards the appropriate geo- 

centric radial distance. 

leads to a non-adiabatic l o s s  of Van Allen radiation, and indeed 

we would equate the immediate outer boundary of Van Allen radiation 

essentially with the inward penetration of this region character- 

The inward expansion of the auroral zone 

ized by non-adiabatic effects occurring during the particular storm. 
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For example, when McIlwain (1966bI found t h a t  t h e  A p r i l  18, 1'365 

geomagnetic storm caused ( a )  an adiabatic loss and then  recovery 

of p ro tons  40 Mev s; E 110 Mev a t  L 5 2.1 ,  b u t  (b) a non-adiabat ic  

loss and no recovery a t  L 2 2.6, w e  would estimate t h a t  t h e  a u r o r a l  
P 

zone on t h i s  occas ion  had advanced inwards  t o  L - 2.5. We would 

expec t  t h a t  a u r o r a s  would have occurred  down t o  -50 t o  55 magnetic 

l a t i t u d e  dur ing  t h i s  storm. While w e  know o f  no v i s u a l  obse rva t ions  

0 0 

dur ing  t h i s  storm, s i n c e  K reached a maximum v a l u e - o f  8- w e  may 

c rude ly  estimate t h a t  an au ro ra  would have occurred  a t  about 

(55O f 5O) by r e f e r e n c e  t o  t h e  s t a t i s t i ca l  movement of  au ro ras  

ve r sus  K (see G a r t l e i n  and Sprague, 1960).  

P 

P 
W e  also cons ide r  t h a t  non-adiabat ic  p rocesses  are common and 

predominant i n  t h i s  a u r o r a l  domain. Frank  (19651 p resen ted  evidence 

f o r  a " s t r o n g  a c c e l e r a t i o n  mechanism f o r  e n e r g e t i c  e l e c t r o n s  i n  the 

local-day p a r t  o f  t h e  magnetosphere". H e  found i r r e g u l a r  and 

v a r i a b l e  s t r u c t u r e  o f  t h e  p r o f i l e s  of  e n e r g e t i c  e l e c t r o n s  (E 

a t  h ighe r  l a t i t u d e s  between about  5 R and t h e  magnetopause, i .e.  i n  

what w e  have termed i n  F igure  1 t h e  a u r o r a l  domain. S i n c e  there is  

cont inuous p a r t i c l e  p r e c i p i t a t i o n  and a u r o r a l  l i g h t  i n  t h e  a u r o r a l  

zone 5 5 L 5 10 [O'Brien,  19641 it s e e m s  t h a t  there must be con- 

t i n u o u s l y - a c t i v e  a c c e l e r a t i o n  p rocesses ,  and w e  regard  these as a 

c h a r a c t e r i s t i c  o f  t h e  a u r o r a l  domain. One may s p e c u l a t e  (but  n o t  

' 1.6 M e V )  e "  

E 

prove as y e t )  t h a t  plasma i n s t a b i l i t i e s  (cf. S c a r f ,  e t  a l . ,  1965) 

may provide  such common a c c e l e r a t i o n  and p r e c i p i t a t i o n  a t  day and 

n i g h t ,  wh i l e  magnetopsheric-f ie ld  merging provides  v i o l e n t  n igh t -  

t i m e  e f f e c t s  (cf. Axford, 1966; S p e i s e r ,  1965) .  

Low-alti tude measurements o f  p r e c i p i t a t e d  e l e c t r o n s  wi th  

40 kev [O'Brien 1962 and 19641 show t h a t  p r e c i p i t a t i o n  can 

occur  down t o  comparably s m a l l  L va lues ,  s ay  L - 2, w i t h  such 

i n t e n s i t i e s  as t o  empty t h e  r a d i a t i o n  zones (if t hey  w e r e  unreplen- 

i s h e d i n  a few hours  or  less. But obse rva t ions  show t h a t  t h e  

i n t e n s i t y  bo th  of p r e c i p i t a t e d  and o f  " t rapped" 40 kev e l e c t r o n s  
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i nc reases  with i n c r e a s i n g  I< [O'Brien,  1964; Freeman, 19641. How- 

ever, obse rva t ions  a t  h igh  a l t i t u d e s  c l e a r l y  demonstrated t h a t  non- 

a d i a b a t i c  -__ losses of high energy (2 1 M e V )  p a r t i c l e s  can occur  t o  

deep w i t h i n  t h e  magnetosphere., Furthermore, Bai ley  and Pomerantz 

[1965] p r e s e n t  convincing , ionospher ic  evidence t h a t  Mev e l e c t r o n s  

formerly t rapped  a t  4 .5  5 L 2 6 w e r e  a c t u a l l y  p r e c i p i t a t e d  i n t o  

t h e  atmosphere during t h e  February 8, 1965 event .  

a "chronologica l  sequence of e l e c t r o n  i n t e n s i t y  r a d i a l  p r o f i l e s  

demonstrates  unequivocal ly  t h e  out-of-phase n a t u r e  o f  t h e  low- 

and high-energy e l e c t r o n  replenishments  i n  t h e  o u t e r  r a d i a t i o n  

zone" [Frank, e t  a l . ,  19641. 

P 

T h u s  we n o t e  t h a t  

0 'Br ien  [ 1962 and 19641 envisaged a "sp lash-ca tcher"  concept  

t o  exp la in  t h e  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  p l a n e t a r y  magnetic 

d i s tu rbance  index K and t h e  f l u x e s  o f  50 kev e l e c t r o n s  a t  geo- 

- 4 t o  8 RE, and t h e  p o s i t i v e  c o r r e l a t i o n  c e n t r i c  r a d i a l  d i s t a n c e s  of  

of  K and t h e  f l u x e s  o f  such e l e c t r o n s  being p r e c i p i t a t e d  i n t o  the 

atmosphere i n  a u r o r a l  reg ions .  I t  wa.s supposed t h a t  i f  a u r o r a l  

r a d i a t i o n  and Van Allen r a d i a t i o n  w e r e  r e l a t e d  a t  a l l ,  it w a s  on ly  

i n  t h a t  t hey  had a common cause.  H e r e  w e  e l a b o r a t e  t h e  concept as 

P -  

P 

fol lows : 

During l a r g e  geomagnetic s t o r m s  t h e  inner  edge of t h e  a u r o r a l  

domain (and t h u s  t h e  o u t e r  edge of  t h e  Van Al len  zone) moves 

t o  smaller g e o c e n t r i c  r a d i a l  d i s t a n c e s  as t h e  domain th i ckens .  

A s  a consequence t h e r e  i s  a non-adiabat ic  loss o f  many high- 

energy (2 1 M e V )  Van Allen p a r t i c l e s  i n  t h e  reg ion .  However, 

accompanying t h i s  expansion of t h e  a u r o r a l  zone t h e r e  i s  an 

enhancement i n  t h e  f l u x e s  o f  lower-energy (- 1 t o  1 0 0 ' s  o f  kev) 

p a r t i c l e s  because t h e s e  f r e s h  p a r t i c l e s  are energ ized  i n  t h e  

a u r o r a l  processes. When t h e  s t o r m  i s  waning, a r e s i d u e  o f  t h e s e  

low-energy p a r t i c l e s  i s  l e f t  t rapped  a s  t h e  a u r o r a l  domain 

sh r inks .  Subsequent p rocesses  such as d i f f u s i o n  may then  ene rg ize  

t h e s e  " i n j e c t e d "  p a r t i c l e s  t o  t y p l c a l  Van Allen h i g h e r  ene rg ie s .  
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The experimentally-observed behavior of radiation in the 

magnetosphere (e.9. see Frank, 1965; Freeman, 1964; McIlwain, 

196633) appears consistent with this concept. 

It is relevant to note that this concept of an "auroral 

domain" is s' imilar in many ways to the convective region shown by 
i 

Axford and Hines f19611 before the magnetopause, the shock front 

andthe magnetospheric tail were found experimentally. In this 

context, it is as well to emphasize that in this note we concentrate 

on the energetic-particle domains in the magnetosphere, rather than 

on the magnetospheric configuration itself. The latter, of course, 

is'best mapped out by measurements of magnetic fields and plasmas 

rather than by using energetic particles as tracers. 
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TESTS O F  THIS  CONCEPT I_ 

I n s o f a r  a s  t h i s  model w a s  devised e x p l i c i t l y  t o  f i t  known 

experimental  d a t a ,  cons is tency  wi th  e x i s t i n g  data i s  m o r e  a measure 

of i t s  scope than  o f  i t s  v a l i d i t y ,  However, some a d d i t i o n a l  tes ts  

have been made 

I t  i s  always i n t e r e s t i n g  t o  review o l d  experimental  d a t a  i n  

t h e  l i g h t  of  newer i d e a s ,  W e  have t h u s  reviewed t h e  ex tens ive  

obse rva t ions  of  t h e  au-rora o f  November 27/28, 1959, I n  t h i s  pe r iod ,  

Explorer  VI1 equipped wi th  two sh ie lded  g e i g e r  t u b e s  mad.e repeated. 

passes over  a u r o r a s  and over  a monochromatic (6300A) r e d  arc [O'Brien,  

e t  a l , ,  19601 e I n  t h e  f i r s t  p a s s  about 4 hour s  a f t e r  t h e  sudden 

commencement, t h e  peak count ra te  of  t h e  type  302 g e i g e r  t ube  

occurred  over  a v i s i b l e  au ro ra  a t  a magnetic l a t i t u d e  of  about 55 , 
and t h e  count  rate a t  h i g h e r  l a t i t u d e s ,  where t h e  peak was normally 

found., was e s s e n t i a l l y  ze ro ,  During t h e  remainder of  t h e  n i g h t  

t h e  count ra te  decreasedp  and t h e  peak i n t e n s i t y  o f  t h e  e n e r g e t i c  

e l e c t r o n s  w a s  observed above t h e  6300A a r c ,  i , e .  a t  t h e  low- la t i t ude  

edge of  t h e  v i s i b l e  a u r o r a l  a c t i v i t y ,  While t h e r e  w a s  a t  t h e  t i m e  

l i k e l y  a mistaken assignment  of 40 kev e l e c t r o n s  as  t h e  cause of 

t h e  302 count ra te  (it now s e e m s  most l i k e l y  t h a t  it was due t o  - Mev 

e l e c t r o n s )  t h e  behavior  s e e m s  c o n s i s t e n t  w i t h  t h e  model envisaged 

here .  

0 

D e t a i l e d .  t e s t i n g  o f  t h i s  model a g a i n s t  a v a i l a b l e  d a t a  i s  pro- 

ceeding. For example, w e  have compared p a r t i c l e  and magnetometer 

d a t a  f r o m  Explorer  1 2  [ C a h i l l  and P a t e l p  1966; Frank, e t  a l . ,  19663 

w i t h  p a r t i c l e  d a t a  from I n j u n  1 [Maehlum and O'Brien,  19631 f o r  the. 

l a r g e  m a g n e t i c  storm of October 28,  1961,  I n j u n  1 a t  an a l t i t u d e  

of 1000 km found t h e  boundary of t r app ing  a t  L - 4 t o  6.  Explorer  1 2  

i n  t h e  nea r -equa to r i a l  p lane  found t h e  magnetopause a t  62,000 k m  o r  

9,7 R f o r  p a r t i c l e s  [Freeman, 19641 and about 60,000 km f o r  t h e  

magnetic f i e l d  [ C a h i l l  and Patel ,  19663. However, t h e  p a r t i c l e  d a t a  

b 

E 
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a l so  show considerable structure in to radial distances of about 

40,000 km or 6.3 R and we equate the latter distance with the 

boundary of trapping, which is comparable to that found by Injun 1. 
E' 

In adopting the model of Figure 1, we equate the low-altitude 

spikes of McDiarmid and Burrows [ 19651 with the ,high-altitude 

islands of Anderson, et al., [1965]. Furthermore, as discussed 

elsewhere, these fast-rise (- minutes) and slow-decay (- hours) 

enhancements of electrons with E 2 40 or 45 kev are associated e 
with intense fluxes of low-energy electrons whose energy spectrum 

rapidly hardens (see Eame, et al., 1966; O'Brien, 1966). O'Brien 

and Laughlin [1962] measured such fluxes at -1000 km altitude, 

with intensities sufficient to cause visible actroras. Thus we 

conclude that the high-latitude edge of the auroral zone may have 

multiple structures. Indeed multiple auroral arcs are observed, 

[Akasofu, et al., 19651 and multiple islands are observed in the 

equatorial plane [Anderson, 1965aI. 

The low-latitude edge of the auroral zone will also not be 

clearly delineated, and there is a llfuzzyll region as the flux of 

precipitated electrons gradually (i.e. with increasing A) increases 

until it reaches the flux of local quasi-trapped electrons (cf. 

Figures 9 and 10 of O'Brien and Taylor, 1964). 

We have discussed elsewhere [O'Brien, 19661 the different 

acceleration mechanisms that may operate in the auroral domain, 

and here merely draw attention to the fact that both daytime and 

night-time processes are required. 

With the discovery of the neutral sheet and the associated 

plasma [Ness, et al., 1964; Bame,'et al., 1966) there has been con- 

siderable speculation that it forms the source of auroral particles. 

The energy spectra and particle characteristics are similar to 

those found in auroras, although one can show that it could sustain 

world-wide aurora for only a few minutes. But these treatments 

have concentrated mainly on night-time phenomena, and as direct 
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ba l loon  and s a t e l l i t e - b o r n e  experiments demonstrate (e .g ,  Anderson, 

196533; O'Brien,  1964; Johnson, e t  a l . ,  1966) t h e r e  i s  apprec iab le  

a u r o r a l  p r e c i p i t a t i o n  dur ing  t h e  day, and indeed t h e r e  have been 

s t u d i e s  of v i s ib le  "daytime" a u r o r a s  [Davis and D e W i t t ,  19631. I f  

t h e  n e u t r a l  s h e e t  i s  t o  be t h e  source  o f  such p a r t i c l e s  t hen  t h e  

f i e l d  l i n e s  must be open and must reach  t h e  n e u t r a l  s h e e t  some 

10 k m  from t h e  e a r t h  ( c f ,  D e s s l e r  and Juday, 1965) .  Such an "open" 6 

c o n f i g u r a t i o n  poses  two d i s t i n c t  problems f o r  dayside p r e c i p i t a t i o n ,  

v i z .  l ow- la t i t ude  p r e c i p i t a t i o n  wi thout  excess ive  compression o f  

t h e  magnetopause (see above) and a l so  t h e  r a p i d  temporal v a r i a t i o n s .  

o f  occas iona l  e l e c t r o n  p r e c i p i t a t i o n  (e.g.  0 .2  sec as seen by 

Anderson, 196573). ( N o t e  t h a t  an e l e c t r o n  wi th  50 kev would t a k e  

-10 seconds t o  t r ave l  from t h e  n e u t r a l  s h e e t  t o  t h e  dayside 

atmosphere. ) 

W e  t h e r e f o r e  cons ider  it m o r e  reasonable  t o  r ega rd  t h e  days ide  

a u r o r a l  domain as  shown i n  F igure  1. Th i s  impl ies  t ha t  a c c e l e r a t i o n  

mechanisms o t h e r  t han  t h o s e  a s s o c i a t e d  w i t h  a n e u t r a l  s h e e t  should 

ex is t .  

Another comparative t es t  o f  t h e  model proposed h e r e  and o f  

t h e  model envisaged by Dessler and Juday 119651 i s  given by t h e  

h i g h - a l t i t u d e  s p a t i a l  d i s t r i b u t i o n  of " a u r o r a l "  p a r t i c l e s  i n  t h e  

geomagnetic t a i l  a t  -15 R . I n  D e s s l e r . a n d  Juday 's  [1965] model, 

t h e  r a d i a t i o n  should have a t h e t a  ( e )  conf igu ra t ion ,  where t h e  bar 

of t h e  t h e t a  i s  c o i n c i d e n t  w i t h  t h e  n e u t r a l  s h e e t ,  and where t h e  

pe r iphe ry  i s  found j u s t  i n s i d e  t h e  magnetopause, s i n c e  t h e  f i e l d  

l i n e s  from t h e  a u r o r a l  zone are a l l  deemed t o  be 'topen". I n  o u r  

model sketched i n  F igure  1, w e  expec t  such r a d i a t i o n  o n l y  i n  t h e  

E 

plasma s h e e t ,  i , e ,  t h e  bar o f  t h e  t h e t a .  Pre l iminary  d a t a  from t h e  

V e l a  sa te l l i t es  show t h a t  such r a d i a t i o n  i s  indeed confined t o  t h e  

plasma s h e e t  [Bame and Coon, p r i v a t e  communication] t h u s  v a l i d a t i n g  

o u r  F igure  1 i n  t h i s  a spec t .  
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As the auroral zone initially expands towards the equator we 

expect that the zone of precipitation would initially extend from 

the former low-latitude boundary of the zone to the ultimate low- 

latitude bou dary, due to initial loss of formerly trappe,d particles. 

Comparison o'f equatorial (e.g, Frank, 1965) and ionospheric data 

(e.g. Bailey and Pomerantz, 1965) would seem t o  indicate that this 

phase might persist'for tens of minutes, and that it would be 

characterized by precipitated particles with energies above normal 

auroral energies. Subsequent auroral precipitation could take 

place over all of the zone or presumably it could be localized to 

small regions within the zone, moving potentially between the high- 

7 
I 

and low-latitude extremes. The above statement is derived, of 

course, not from any deep-seated understanding of the auyoral 

acceleration processes but merely from the knowledge that this is 

the observed behavior of auroras (e.g. Akasofu, et al., 1965). 

DI S G U S S I O N  

This note does not purport to solve the fundamental problems 

of the auroral acceleration mechanisms, nor to choose between 

plasma instabilities, magnetic-field merging, electrostatic 

acceleration or  other phenomena. The purpose is simply to propose 

a magnetospheric configuration which appears to lend coherence to 

existing experimental data and which is consistent with observed 

phenomena insofar as it invokes: 

(1) At low-altitudes 
\ 

(a) the high-latitude boundary of trapping of Van Allen 

radiation coincides with the low-latitude boundary of 

the auroral zone, i.e. auroras occur just outside the 

boundary of trapping at day and night; 

(b) the high-latitude boundary of the auroral zone will 

be sharply-delineated on the day-side but 'I  fuzzy*' with 

sporadic spikes on the night side. Occasionally the 
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actual intense auroras may be localized over only a 

fraction of the total zone but free to move across it; 

(c) precipita€ion events will always be conjugate on the 

day-side but sometimes (e.g. with spikes) not conjugate 

on the night side. Geomagnetic control (alignment with 

L contours) will tend to be strongest on the low-latitude 

edge of the auroral domain. 

(2) At high-altitudes 

(a) the auroral domain is the zone where non-adiabatic 

l o s s  processes predominantly can occur (so that high- 

energy Van Allen particles may be lost) occasionally down 

to L - 2 [McIlwain, 1966b; Frank, 19651 and where fresh 
acceleration processes can occur (so that the flux of 

low-energy, i. e. "auroral", particles can increase) ; 

(b) the auroral domain expands radially inwards during 

geomagnetic disturbances, even while the magnetopause 

remains at R 2 7 RE, and 
0 

(c) there may be very intense sporadic fluxes of auroral 

electrons localized in a narrow (few degrees wide) cone 

around B on the night-side of the earth [O'Brien, 19661, 
-+ 

It is historically perhaps interesting to note that in the 

above scheme of things one may detect both a "leaky-bucket" model 

(for the period when the auroral zone is expanding inwards) and a 

I t  splash-catcher" model (when the auroral zone contracts to prestorm 

values). (See O'Brien, 1962 and 1964 for further discussion), It 

is also of historical interest to note that, some decades ago when 

only night-time auroras were discussed, it was considered trouble- 

some to have the impinging solar plasma cause phenomena on the 

back-side of the earth, since it was conceptually easier to cause 

day-time effects. By contrast, if one invokes only neutral-sheet 
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a c c e l e r a t i o n  p rocesses  (e .g . ,  S p e i s e r ,  1965) ,  it i s  troublesome 

t o  e x p l a i n  t h e  undeniable  daytime phenomena. B u t  t hen  i f  one t r ies  

t o  exp la in  both  days ide  and n i g h t  s i d e  phenomena w i t h  a s i n g l e  

a c c e l e r a t i o n  p rocess  (cf.  D e s s l e r  and Juday, 1965) t h e r e  are f u r t h e r  

i n c o n s i s t e n c i e s  wi th  obse rva t ion ,  as d i scussed  above. I n  t h e  magneto- 

s p h e r i c  c o n f i g u r a t i o n  p resen ted  h e r e ,  t h e  approach h a s  been taken 

t h a t  t h e r e  is a cont inuous ly-ac t ive  days ide  and n i g h t s i d e  acce le r -  

a t i o n  mechanism probably o p e r a t i v e  on c l o s e d  f i e l d  l i n e s ,  t o g e t h e r  

w i t h  a ca tac lysmic  a c c e l e r a t i o n  p rocess  (e .g .  perhaps f i e l d - l i n e  

merging)  t h a t  occu r s  on ly  a t  n i g h t .  

F i n a l l y ,  it may be noted t h a t  t h e  model envisaged i n  F igure  1 

is an a d a p t a t i o n  of  t h e  "negl igible-merging" model o f  D e s s l e r  and 

Juday [1965]. There are o t h e r  and p l a u s i b l e  magnetospheric models 

wherein geomagnetic f i e l d  l i n e s  may merge w i t h  i n t e r p l a n e t a r y  f i e l d  

l i n e s  on t h e  day-side and n i g h t - s i d e  (e .g .  Dungey, 1961; Axford, e t  

a l . ,  1965) ,  and ou r  proposed c o n f i g u r a t i o n  can be r e a d i l y  adapted 

by t h e  r eade r  t o  such rapid-merging models wi thout  change i n  any 

arguments w e  have advanced. 
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FIGURE CAPTIONS 

F igu re  1: Magnetospheric conf igu ra t ion  envisaged by O'Brien [1966] .  

The plasma sheet i s  a l so  p rope r ly  t h e  a u r o r a l  domain. 

T h i s  ske tch  i s  f o r  a magnetosphere w i t h  n e g l i g i b l e  

merging o f  geomagnetic and i n t e r p l a n e t a r y  magnetic 

f ie lds .  A " r a p i d  merging" model would somewhat a l t e r  

t h e  appearance o f  t h i s  ske t ch  bGt n o t  m a t e r i a l l y  modi€y 

i t s  s i g n i f i c a n c e .  Such f e a t u r e s  as t h e  n e u t r a l  p o i n t s  

have never  y e t  been seen. 

F igu re  2: I l l u s t r a t i o n  of t h e  e n e r g e t i c  p a r t i c l e  and magnetic- 

f i e l d  c h a r a c t e r i s t i c s  regarded as t y p i c a l  of t h e  noon 

meridian of t h e  magnetosphere. Region A is occupied by 

r e l a t i v e l y  stable Van Al len  r a d i a t i o n  wi th  a near-dipole  

f i e l d .  Region B i s  t h e  a u r o r a l  domain, where p a r t i c l e  

f l u x e s  are v a r i a b l e  and grad B s m a l l .  Regions C and D 

are t h e  magnetosheath and i n t e r p l a n e t a r y  space respec- 

t i v e l y .  Domain B expands inwards as  A c o n t r a c t s  dur ing  

magnetic s t o r m s .  
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RELATION OF AURORAL RtZDIATION 

TO THE MAGNETOPAUSE 

AND TO VAN ALLEN RADIATION 

by 

Brian J. O'Brien 

Abstract. A magnetospheric configuration is devised from consider- 

ation of experimental data combined with a mixture of intuition 

and a few theoretical concepts. It is proposed that the high- 

altitude islands, the third radiation zone, the skirt, cusp, 

neutral sheet and plasma sheet may all be regarded as constituents 

of an auroral-radiation domain. The domain is occupied by low- 

energy electrons and protons which show significant temporal vari- 

ations under the occasional influence of non-adiabatic processes, 

and which particles may occasionally bombard the atmosphere to 

cause day-time and night-time auroras. The outer equatorial bound- 

ary of this domain at noon is taken to be the magnetopause, and the 

inner boundary of the auroral domain is deemed equivalent to the 

outer boundary of Van Allen radiation. During magnetically-quiet 

times, these boundaries are judged to be at geocentric radial 

distances (R ) at noon of -10 R and -8 R respectively, with the 

inner edge fuzzy. During geomagnetic storms, the auroral domain 

can.expand and the inner edge can advance to -3 R or less. This 

process is judged to accompany both the occurrence of low-latitude 

auroras and the non-adiabatic losses of Van Allen radiation formerly 

in the region. Magnetospheric models which have auroral acceler- 

ation on open magnetic field lines (cf, Dessler and Juday, 1965) 

or on field lines to the neutral-sheet only (cf. Speiser, 1965) are 

shown to have severe difficulties in meeting these and other spec- 

ified requirements. 
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